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THE  EFFECTS  OF  CHRONIC  EXERCISE  ON  THE  HEART 
AND  ON  CORONARY  ATHEROSCLEROTIC  HEART  DISEASE 
A Literature  Survey 


INTRODUCTION 

Although  aerobic  exercise  training  has  well-defined  effects  on  the 
heart  (1)  and  on  cardiovascular  function  C2),  its  effects  on  athero- 
sclerosis (1)  and  coronary  heart  disease  morbidity  and  mortality  remain 
uncertain  (3,  4).  Physical  inactivity  has  not  been  demonstrated  to  act 
as  a risk  factor  for  coronary  heart  disease  to  the  same  level  of  confi- 
dence as  the  three  cardinal  risk  factors— hypercholesterolemia » hyperten- 
sion, cigarette  smoking  (5).  Nonetheless,  many  individuals  are  exercising 
on  a regular  basis  for  cardiovascular  fitness  under  the  assumption  that 
this  will  protect  them  from  the  manifestations  of  coronary  heart  disease. 

In  fact,  many  professionals  in  the  health  fields  are  recommendiug  fitness 
programs  for  the  prevention  of  coronary  heart  disease  and  for  rehabilita- 
tion after  myocardial  infarction.  For  numerous  reasons,  including  both 
the  danger  of  death  due  to  coronary  heart  disease  during  exercise  (6-10) 
and  the  importance  of  giving  the  proper  priority  to  National  health  efforts 
for  lighting  the  coronary  heart  disease  epidemic,  it  is  important  to 
clarify  the  relationship  of  aerobic  exercise  training  to  coronary  heart 
disease.  In  Table  1 are  listed  those  areas  of  scientific  study  that  are 
reviewed,  in  this  report,  to  clarify  this  relationship: 


TABLE  1.  AREAS  REVIEWED  FOR  PERTINENT  STUDIES  OF  THE 
EFFECTS  OF  PHYSICAL  ACTIVITY  ON  CORONARY 
ATHE.<OSCLEROTIC  HEART  DISEASE 


1.  Population  or  clinical  studies  evaluating  the  effect 
of  physical  activity  on  coronary  atherosclerotic 
heart  disease 

2.  Animal  studies  of  the  effect  of  chronic  exercise  on 
atherosclerosis  and  the  heart 

3.  Studies  evaluating  the  effects  of  exercise  on  factors 
that  could  affect  the  progression  of  myocardial 
ischemia 


POPULATION  OR  CLINICAL  STUDIES 

The  major  pertinent  population  or  clinical  studies,  as  listed  in 
Table  2,  are  the  subject  of  the  opening  section  of  this  report.  The 
first  three  types  of  thf-se  studies  are  defined  as  follows:  "Retrospective” 
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TABLE  2.  POPULATION  OR  CLINICAL  STUDIES,  EVALUATING  THE  RELATIONSHIP 
OF  PHYSICAL  ACTIVITY  TO  CORONARY  HEART  DISEASE,  LISTED  BY 
THE  YEAR(S)  IN  WHICH  THEY  WERE  REPORTED 


A.  REmOSPECTIVE  EPID»IIOLOGIC  EIUDIES 

1.  ENGIA®  AND  WA1£S  MORTALITY  STATISTICS,  1953  (11,  12) 
2 LONDON  QU3€N,  1953  (12) 

?.  MAIMO,  1958  (16) 

4.  NORTH  DAKOTA,  1959  (17) 

5.  CHICAGO  MORTALITY  STATISTICS,  1960  (18) 

6.  CALIFC«NIA  MORTALITY  STATISTICS,  1960  (19) 

7.  CANADIAN  VA,  1961  (20) 

8.  U.S.  RAIIMEN,  1962  (21) 

9.  U.S.  POSTMEN,  1963  (22) 

10.  SOUTH  AFRICAN  RAILROAD,  1963  (23) 

11.  HEALTH  INSURANCE  PLAN  OF  NEW  YORK,  1966  (24) 

12.  ISRAEL  KIBBUTZIM,  1966  (25,  26) 

B.  PREVALENCE  OR  CROSS- SECTIOIAL  EPID^IOLOGIC  STUDIES 

1.  PEOPLE’S  GAS  CCMP.ANY,  1960  (27) 

2.  U.S.  RAILROAD,  1962  (21) 

3.  EVANS  COUNTY,  GEORGIA.  1965  (28) 

C.  PROSPECTIVE  EPIDB4IOLOGIC  STUDIES 

1.  LOS  ANGELES  CIVIL  SERVANfS,  1964  (29) 

2.  LONDON  BUSMEN,  1966  (14) 

3.  CHICAGO  ELECTRIC  COMPANY,  1969  (30) 

4.  U.S.  RAILROAD,  1970  (21) 

5.  PEOPLE’S  GAS  COMPANY,  ChiCAGO,  1970  (31) 

6.  SEVEN  COUNTRY  STUDY,  1970  (32) 

7.  SAN  FRANCISCO  LONGSHOP.H4EN,  1970  and  1975  (33,34) 

8.  WESTERN  COLLAB(»ATIVE  GROUP,  1970  and  1975  (35,36) 

9.  GOTESBURG,  SWEDEN,  1971  and  1975  (37,  38) 

10.  FRAMINGHAM,  MASSAaiUSETTS,  1971  (39,  40) 

11.  EVAIS  COUNIT,  GEORGIA,  1971  (41) 

12.  LONDON  CIVIL  SERVICE,  1973  (42) 

13.  NATICmL  CORONARY  DRUG  STUDY,  1975  (43) 

D.  PATHOLOGICAL  STUDIES 

1.  ENGLAND,  1958  (44) 

2.  WESTCHESTER,  1960  (45) 

3.  CLARENCE  DeMAR- -AUTOPSY,  1961  (46) 

4.  OXFCM).  1967  (47) 

5.  JAFFA,  1970  (48) 

6.  BASSLER,  1973  (49) 

7.  FINLAND,  1975  (50) 

E.  REHABILITATKW  STUDIES 

1.  TEL  AVIV,  1968  (52) 

2.  CLEVELAND,  1969  (51) 

3.  RECHNITZER  ET  AL..  1972  (53) 

4.  NATIONAL  COLJ^BORATIVF.  POST  INFARCT  ION  STUDY 

5.  REDWOOD  ET  fVL.,  1972  (58) 

6.  ROUSSEAU  ET  AL.,  1973  (55) 

7.  KATIUS  ET  AL.,  1972  (59) 

8.  KAVANAGH  AND  SHFPHARD,  1974  (62) 

9.  FLEICmER  and  CANTWELL,  1974  (63) 

10.  FERGUSON  ET  .\L.,  1975  (64) 
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studies  era  epidsniologic  studies  involving  populations  in  whom  date  «iere 
obtained  in  t)M  past,  not  specifically  for  epidetnioloqic  purposes. 
"Prevalence"  studies  are  epidenioloqlc  studies  which  screen  a population 
for  the  current  Aanifestatioiis  of  a disease.  "Prospective"  studies  are 
epidssdologic  rtudies  involving  a cohort  of  individuals  specifically 
chosen  and  studied  for  the  purpose  of  following  tl>em  over  a subsequent 
period  of  time  for  the  development  of  disease. 

Retroiq>ective  Epidemiologic  StvKlies 

In  one  of  his  many  opidamiologic  i^tudias  avaluating  physical  inactivity 
as  a risk  factor  for  coronary  heart  diseaea,  Horris  pxaeented  the  data  from 
the  occupational -mortality  records  for  England  and  Wales  (11,  12).  Physical 
activity  waa  graded  by  occupetion.  The  level  of  activity  was  based  on  sn 
independent  evaluation  of  the  occupations  by  several  industrial  experts. 

The  activity  level  of  the  last  job  was  found  to  be  inversely  related  to 
the  mortality  from  coronary  disease,  as  deterained  from  death  certificstes. 
In  another  study,  Morris  screened  records  for  the  incidence  of  coronary 
heart  disaasa  in  drivers  and  conductors  of  the  London  Transport  System. 

The  ags-ad justed  total  incidence  of  coronary  disease  was  l.S  times  higher, 
and  the  sudden  and  three-month  mortality  was  2 tistea  higher,  in  the  driver 
group  than  in  the  conductor  greup.  The  diffarance  in  physical  activity 
was  only  deduced  by  knowing  that  one  group  drove  the  buses  while  the  other 
group  conducted  on  the  double-deck  vehicles.  In  1956,  however,  Horris 
published  a paper  subtitled  "The  Epidemiology  of  Uniforms,"  which  reported 
that  the  drivers  had  greater  girth  than  the  conductors  (13) . A later  study 
in  1966  by  Norris  also  showed  that  the  drivers  had  liigher  serum  citolesterol 
and  higher  blood  pressures  thaii  the  conductors  '14).  Moreover,  a study 
by  Oliver  documented  that,  for  some  unknown  reason,  even  the  recruits  for 
the  two  jobs  differed  by  lip'd  levels  and  weight  (15) . 

Forssnan  and  Lindegard  organised  a study  in  Malmo,  a S%«edish  bowt 
of  alMut  200,000  people  (16).  The  study  group  was  comprised  of  all  male 
survivors  of  an  acute  myocardial  infarction,  adsiitted  to  their  hospital 
from  1948  to  1955;  and  their  age  at  the  onset  of  the  study  was  55  yeiirs 
or  less.  This  group  ..ncluded  66  men  for  whom  healthy,  similar  age  controls 
were  randomly  selected  from  the  town.  The  level  of  activity  ties  determined 
by  an  analysis  of  their  occupation.  No  differences  in  occupational  physical 
activity  were  found  between  thti  controls  and  the  postlnfarction  group. 

Zukel  at  al. , who  analysed  data  from  a population  of  106,000  individuals 
living  in  six  counties  in  North  Dakota  (17) , reported  that  farmers  had 
slightly  less  total  coronary  heart  disease  and  one-half  the  infarctions 
and  deaths  from  coronary  disease  than  the  others.  Zukel  et  al.  did  not 
relate  this  finding  directly  to  differences  in  physical  activity,  bacause 
thay  were  aware  of  soci  economic  aiid  environmental  differences  between 
the  two  groups  vl7) . However,  they  did  adsdnister  a physical  activity 
questionnaire  to  survivors  of  myocardial  infarctions  and  to  Rmtched  con- 
trols. Zukel  et  al . felt  t)\at  the  results  from  their  questionnaire 
suggested  that  physical  activity  could  be  protective  from  the  manifesta- 
tions of  coronary  disease. 
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StMlMT  «t  ml.  •n«lys«4  tha  ■ortality  statittic*  tnm  Chicago  tor 
XtSl  aad  ltS3  (18) . Tha  auiihors  fouiul  ito  siqniticant  occupational 
«vou|i  dittaranoos  in  cga  apacific  coronary  haart-diaaaaa  daath  rataa 
for  uhita  aalas,  agas  45  to  04  yaara. 

Braalow  and  Buall  analynad  oanaua  and  daath  cartlflcata  data  in 
California  froa  1949  to  1951  (19) . Thay  fait  that  tha  data  ravaalad 
a gradiant  of  dacraaaiag  aortality  from  cc>ronary  haart  diaaaaa  with 
ineraaaiag  phyaioal  activity,  but  only  vhait  occupational  groupa  of 
aiailar  ganaral  aortality  vara  conaidarad. 

Shanoff  aad  Littla  atudiad  a group  of  nan  with  doeuaantad  ayocardlal 
ifu^iTotian  raadcaly  aalactad  froa  tha  filaa  of  tha  Toronto  Vatarana 
MMiaiatration  Hoapital  and  aatchad  to  a group  froa  tha  hoapital  f.laa 
of  patiaata  aAaittad  with  non-chronir;  illnaaaaa  (20) . Tha  ixtdividuala 
wara  guaationad  aa  to  l„f along  activity . with  aaaaaaaant  of  thair  ^yaical 
activity  in  childhood,  youth,  and  adult  Ufa.  Tha  concluaion  of  t)ta 
author  vaa  that  coronary  haart  diaoaaa  waa  not  aaaoc  .atad  with  habitual 
phyaioal  inactivity. 

Taylor  at  al.  hava  rapcrtad  on  tha  av»rtality  of  vhita  aalaa  aaployad 
by  tha  U.S.  railroad  induatry  (21).  The  aapXoyaaa  were  aaparatad  by 
job  title  into  thran  groupa  rapx  aaantlng  Uuraa  level  a of  phyai~;al 
activity,  oaath  cartificatas  for  tha  years  1955  and  1956  ware  analysed 
by  these  groupings  and  aga*'ad justed  daath  rates  wara  obtained.  Tayloi 
at  al.  concluded  that  tha  data  ware  consistent  with  tha  hypothaais  that 
laan  in  aadantary  occupations  auffar  a higher  incidence  of  coronary  heart 
diaaaaa  aortality  than  those  in  occupations  requiring  taodarata  to  )taavy 
physical  activity  (21) . 

Kahn  gathered  inforaation  f-'sn  Federal  anployaa  records  to  analyse 
aortality  data  or.  aan  who  wara  appointed  to  posit  ions  in  tha  Maahingto,. 
O.C.,  post  office  froa  1906  to  1940  (22).  Tha  study  waii  daaignad  to  test 
tha  physical  activity  hypothesis  by  canparing  tha  aortality  data  of 
sadnntary  clerks  to  active  aall  carriers.  Kahn  adjusted  for  tha  affect 
of  tha  transfer  fron  active  jobs  to  inactive  jobs  by  ccnsidrjring  a sub- 
saapla  of  aan  \idK>  did  not  change  jobs.  Tha  data  fron  this  prasalectad 
group  suggested  that  tha  clerks  had  1.4  to  1.9  tines  the  rortality  from 
coronary  haart  disease  than  the  carriers. 

Xdelataia  coag^arad  white  South  Africans  working  for  tha  South  African 
railroads  as  officers  (sedentary)  to  those  working  aa  aaployv'^es  (active) 

(23) . Mortality  secondary  to  coronary  )wart  disease  during  1954  to  1959 
aaong  these  avployeas,  when  age-adjustad,  did  not  differ  from  tha  general 
population.  No  significant  diffarancas  weia  found  in  siortality  from 
corm<idry  diaeaaa  for  the  two  levels  of  occupational  physical  activity. 

Frank  and  colleagues  studied  301  eat.  enrolled  in  tha  Health  Insurance 
Plan  of  Greater  New  York  (HIP)  who  had  their  initial  aiyocacdlal  Infarction 
in  1961-1963  ^24).  On-tha-job  and  off-tha-job  a itivities  ware  assessed  by 
a guastionnaira . This  assesMsant  uas  mads  during,  a peraonal  intsrvisw  with 
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tlMMM  sor<rlv«d  th»ir  ■yttMrdiAl  inf«reti  . «nd  %MLth  tlw  wiwi  of  thoM 
^ite  hod  diod.  Ttao  author!  conciudod  that  thla  aaaaiint  of  phyaleal 
aotivlty  on  and  off  tha  joo  pamittad  idantiflcatien  oC  a group  of  laaat 
aotiva  MU  who  wara  auch  Mora  llhaly  to  aaparlaaea  a o.llMcaffy  aavora 
apiaoda  aad  dia  within  four  waaka  of  ita  onaat  than  auA  who  wara  ralativaly 
■ora  aotiwa. 

irunnar  aurwayad  Jawa  of  Bwopaan  orioin  living  in  tha  tiltoutaio*  or 
ooiiaetiva  aattlaoanta.  in  Xaraal  froo  1946  to  1941  (IS,  24).  Sadantary 
Mriiara.  dufinad  an  thoaa  who  upant  40%  or  aora  of  thair  tioa  at.  work 
aitting,  had  2.S  to  4 tioaa  tha  incidanca  of  oorooary  haart  diaaaaa  as 
all  tha  othar  workara.  irunnar  baliavaa  copulation  .ca  idaal 

for  atudy  bacauaa  thair  soda  of  Ufa  a' ' ' - r o >onooic  diffarancaa. 

Pravalanca  or  Croaa-a>  c^  ' .'tudiaa 

In  19S9.  a oooplata  avaluation  ''  aala  aoployaaa 

of  a utility  coopany  in  Chicago  (27).  ^ coronary  haart 

diaaaaa  waa  dataminad  by  raviawing  in..  1. 1 - raoorda  for  diagnoa*- 

tie  aiaetrooardiographie  ehangaa  or  f ot  . . patlbla  with  coronary 

dianaae.  Tha  pravalanca  of  coronary  diaa^  w . Mar  in  tha  blua-oollar 
workara  than  in  tha  whita-collar  workara.  ano  also  lowar  in  tha  non* 
acdantary  than  in  tha  sadantary  oan.  Thar#  waa  little  diffaranea  in  aajor 
riak  factors  batwaan  tha  activity  lavals. 

rreai  1957  to  1959.  a aaapla  of  1.049  U.S.  railroad  nan  wara  raadooly 
selactad  for  tha  purpoaa  of  studying  tha  pravalanca  of  riak  factors  for 
coronary  haart  disaara  (21) . Active  switcinan  and  aadantary  darks  am) 
aracutivas  conpoaad  tha  two  dlffarant  activity  groups  eonparad.  Tha 
raaulta  auggaatad  t)tat  tha  awitehaan  had  last  coronary  diaaaaa.  dowavar. 

Taylor  has  pointad  out  that  tha  raaulta  wara  coapoundad  by  auuiy  factors  (21) . 

Of  particular  nota  waa  tha  fact  that  tha  awitehaan  with  coronary  diaaaaa 
of tan  baeona  clarka.  Ha  ooncludad  that  tha  najority  of  factora  aff acting 
tha  <d>aarvad  pravalanca  of  coroitary  diaaaaa  oparatad  to  axaggarata  any 
trua  protactiva  influanca  of  Physical  activity. 

in  1960,  tha  population  of  Svana  County,  Oaorgia,  was  first  atudxad 
for  tha  pravalanca  of  coronary  haart  diaaaaa  (28).  Diaaaaa  andpointa  wara 
angina.,  a history  of  a ayocardial  infarction,  or  diagnoatlc  alactrocaxdio* 
graphic  findings.  Anong  white  laalas,  in  this  biraclal  atudy,  tha  dlatri- 
)3ution  of  coronary  disoaaa  by  occupation  auggaatad  that  thoaa  with  a 
graatar  activity  had  Iwas  coronary  heart  diaaaaa.  Hack  nalaa  wara  found 
to  havu  loss  coronary  diaaaaa  than  white  aalas  and  wars  aora  active,  both 
by  analyaia  of  occupation  and  caloric  conauaption:  but  thay  ware  also 
thinnar  and  had  lowar  aarum  cholastarols. 

Prospactiva  Epidaniologic  Studias 

Chapnan  and  Nasaay  randonly  salactad  1,401  haalthy  whits  aalas.  aaployad 
as  civil  aarvants  in  Xoa  Angalas  in  1949,  with  a awan  aga  of  47  (29).  *>ftar 
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m — itiftion  > periodic  followup  oMninationa  and  yuarly  quaatlon- 

MiMa  war*  ocMplotad.  Kt  thm  Uaw  of  tlM  11-yoar  followi«p,  no  difforonca 
in  tiM  tncidoftca  of  ooronary  hoart  dlaaaaa  waa  ebaarvad  according  too  aoeio- 
aeoMMie  elaaa  or  tha  laval  of  plq^aical  activity  aa  datarainad  toy  ^ob  titla. 

Norria  aad  collaaguaa  awaluatad  M7  liaalthy  uondon  bucaan  (14).  Piva 
yaara  latar,  tha  buian  vara  ra>aaaAinad  aad  th&4-a  vara  47  caaaa  of  eoronary 
dlaaaaa  diafaoaad^  including  auddan  death,  ayocardial  infarction,  alactro- 
oaediofraphie  ehangaa,  and  angina.  Xneidanca  rataa  par  100  nan  for  tha  fiva 
yaara  vara  4.7  for  oond'ictora  and  S.S  for  drivara.  Rowavar,  the  drivara 
uara  found  to  hava  aignifioantly  higher  blood  praaauraa  and  aarun  cholaa- 
tarola  than  ttet  oonduotora. 

Paul  follcwad  1,719  ahita  nalaa,  aga  40  to  SS,  randonly  aalactad  frooi 
tha  anp.\oyaas  of  tha  Uawthoma  tlaetrioal  MiMrka  in  Chicago  (30) . After 
eight  yaara  of  followup , thara  uara  34  daatha  dua  to  coronary  dlaaaaa,  53 
acuta  ayoeardial  Infarcticna  with  aunrival,  and  dO  patianta  with  angina. 
Activity  off  tha  job  waa  aaaaaa^d  by  a paraonal  intarviaw.  Approrinata 
diffaranooa  in  oalorie  axpaoditura  and  intanaity  of  work  wara  dataralnad 
for  flhop  aad  office  workara  aad  aloo  with  apacial  naana  for  two  diffarant 
claaaaa  of  ahop  workara.  no  diffaranca  waa  found  in  coronary  dlaaaaa 
aaong  tha  diffarant  lavala  of  activity. 

Taylor  atudiad  the  af facta  of  occupational  activity  diffarancaa  aaong 
railroad  aan  (31) . tnargy  aKpanditura  waa  astimtad  by  activity  and 
diatary  analyaia.  After  fiva  yaara  of  followup,  no  diffaranca  was  found 
in  coronary  dlaaaaa  incldant  rataa  batwaan  tha  actlva  and  tha  aadantary 
groups. 

StSMlor  and  collaaguas  avaluatad  1,241  apparently  healthy  aala 
aoployaaa  of  tha  hoopla's  Gas  Cewpany  in  Oiicago  (31).  After  aavan  yaara 
of  followup,  coronary  dlaaaaa  aortallty  waa  higher  in  )>lua-collar  workers 
with  an  astlaatad  greater  activity  at  work  than  in  whita-ccllar  orkars. 
StaaUar  fait  that  t.his  find:^ng  was  consistent  with  tha  hypothesis  that 
groups  of  nan  with  .’'laiilar  findings  with  raapact  to  tha  "cardinal  risk 
factors"  (hyper tension,  hyparcholastarolaad.a,  and  cigarette  ■no)iing)  would 
eaparianca  similar  aortality  rataa  for  coronary  disease,  irrespective  of 
tha  )>a)»itual  physical  activity  of  work. 

Tha  Sevan  Countries  Coronary  Artery  Disease  Study  consists  of 
collaborate  groups  in  Japan,  Yugoslavia,  the  United  Stataa,  Finlcnd, 

Italy,  Netherlands,  and  creaca  (33).  Tha  Methodology  of  this  axcallent 
study  )tas  bean  dascri)^  in  detail  alsawhara,  and  is  a nodal  for  apideado- 
loctic  Ijivaatigation.  Data  fron  tha  first  fiva  years  of  followup  showed 
no  diffaranca  in  coronary  disease  incidence  between  physically  active  and 
sedentary  nan.  The  tan-yaar  analysis,  soon  to  be  reported,  will  m of 
much  interest. 

Paffanbargar  (an  acconpliahed  lonc-distanca  runner)  and  his  collaaguas 
have  reported  two  aaparata  studies  of  San  Francisco  longshorasnen.  Tha 
first  study  involved  3,263  nalas  «iho  were  followed  for  16  years  (33).  Two 
claases  of  workers,  differing  by  about  925  calorics  in  workday  axpanditura. 


Aa  daClMdf  tha  1«m  activ*  group  had  a 33%  highar 
ooronary  daath  irata.  Xn  tha  aaocNid  atudy,  t,3Sl  ma  ««ar«  follouad  for 
32  yaan.  or  to  daath,  or  to  tha  ago  of  7S  (34).  Thair  loogahorlitg 
axporiaaca  «aa  ooaputad  in  tana  of  work-yaara  aecorling  to  catagoriaa 
of  high)  aodiuo,  and  low  calorie  output.  Tha  affoet-of  jofc  tranafatc 
uaa  aooountad  for  hy  raclaaaifyiag  tha  aan  annually  acxording  to  thair 
work  aaaigmanta.  Tha  ago*adjuatad  coronary  daath  rata  for  tho  high 
activity  eatagory  waa  34. f par  10,000  work-yaar«,  and  tha  aadiup  and  low 
catagoriaa  had  rataa  of  44.3  and  49.0.  Thia  protactiva  "thraahold"  affact 
waa  aoaa  aopoeially  for  ouddan  daath.  It  waa  ooncludad  that  rapaatad 
burata  of  high  anargy  aMrolaa  aatahliahad  a platoau  of  protaetien  againat 
ooroaary  Kctality. 

Dm  waatoca  Oollataorativc  Group  Study  ><ai  initiatad  in  1941  wit), 
a^phaaia  ea  payofaologic  pattaxaa.  Annual  followup  atudiaa  wara  ohtainad 
on  iwar  3,000  haalthy  nan  who  initially  wara  35  to  59  yaara  old.  Haw 
ooroiwtfy  avanta,  including  aynptaaatic  nyocardial  infarction,  anglni,  and 
alactfooardiographie  changaa  wara  roeordad.  lha  cwatcaavy  anarciaa  habit  a 
of  aach  participant  wara  ohtainad  hy  paraonal  intarviaw.  Aftar  4.5  yaara 
of  follcaM|i,  tha  annual  ineidanea  of  coronary  diaaaaa  waa  10  par  1,000  for 
aan  witliout  ragular  axaroiaa  habita,  coi^parad  to  7.4  par  1,000  la  nan  with 
anarciaa  hnbita  (35) . Thia  diffaranca  wna  dua  to  aymptoauitic  nyocardial 
infarotioni  for  no  diffaranca  waa  ouaarvad  in  tha  ineidanea  of  lilant 
infarction,  anglnn,  or  in  racurring  infarction,  fatal  nyocardial  ir.farc'* 
t4on  had  occurrad  in  2 por  1,0(X)  nan  without  ragular  axarelaa  habita 
eonparad  to  0.5  por  1,000  with  axarelaa  habits.  Iha  d^tn  wara  raanalytad 
aftar  6.5  yuan  of  followup  (34).  No  significant  diffaranca  in  tha  cor- 
onary diaaaaa  incident  rata  was  found  whan  consldaring  physical  activity 
at  work  or  othar  axarelaa  habita,  axcapt  in  tha  gr^oup  50>59  at  tha  tins 
of  entry.  Xn  that  group,  thoaa  who  had  ragular  axarelaa  habits  had  ar'prox- 
inataly  ono-third  lass  coronary  diaaaaa  than  thoaa  with  no  ragular  axarcisa 
habits. 

In  1943,  Warko  bagan  study  of  a cohort  of  ona-third  of  all  nan  bom 
in  1913  in  the  lAduatrial  Swwdish  team  of  Qotaaburg.  This  oohort.  consisted 
of  approxis«taly  800  nan,  all  50  yaara  of  ago,  and  without  signs  or  synp- 
tona  of  coronary  diaaaaa.  In  tha  firat  report  aftar  4 years  of  followip, 
thara  wara  23  acuta  nyocardial  infarctions  (37).  Tha  23  nan  who  had 
ayaptonatic  infarction  wars  queationad  in  ordar  to  assaaa,  retrospactivaly, 
thair  activity  level  on  and  off  the  job  one  year  prior  to  thair  infarction. 
Activity  lavalu  wara  catagoriaad  as  light,  nodai  ,ts,  or  haa>ry.  A tendon 
aaupla  of  haalthy  nan  in  tha  cohort  wore  quaationad  in  a similar  fashion, 
and  by  cenpariaon,  tha  aanpla  nan  ware  nore  active.  Aftar  10  years  of 
followup,  Tibblin  at  al.  prasantad  a second  report  on  thia  co)»rt  (38) . 

By  that  tine,  19  nan  )Md  died  of  coronary  dlaaaoa  and  31  haA  survived  an 
acuta  nyocardial  infarction.  Physical  activity  during  wor)r  waa  olasaifiad 
as  aadantary,  nodarata,  or  heavy,  according  to  the  typa  or  occupation  hold 
at  SO  years  of  a * No  aignlf leant  diffaranca  in  phyaical  activity  was 
found  latwaen  those  who  developed  coronary  diaaaaa  and  thoaa  who  did  not. 
Nhan  uaing  leieure  tine  activities,  there  wee  n trmd  towsude  inactivity 
la  thoee  vho  were  Inter  to  develop  coronary  diecaea. 


In  the  Franlnghnn  study,  the  leyel  ot  physical  activity  was  assessed 
using  a 2^"hour  history  of  usual  physical  activity,  and  a physical  activity 
index  arrived  at  from  five  classifications  of  activity  status  C39,  40).  A 
number  of  physiologic  measurements  hypothesized  to  be  parameters  of  physical 
activity  were  determined  for  each  participant.  Including  resting  heart  rate, 
vital  capacity,  hand  grip  strength  and  relative  weight.  Coronary  heart 
disease  and  mortality  were  subsequently  found  to  be  higher  In  the  cohorts 
with  Indices  or  measurements  consistent  with  a sedentary  life  style. 

Cassel  and  colleagues  have  reported  a seven-year  followup  of  the 
indlvldtials  found  to  be  free  of  coronary  disease  In  Evans  County  after 
their  prevalence  study  (41).  Among  non-farming  occupations,  occupational 
physical  activity  no  longer  showed  a protective  effect  against  the  develop- 
ment of  coronary  disease.  However,  the  lower  prevalence  rate  in  white 
farmers  compared  to  white  non-farmers,  and  Blacks  compared  to  Whites,  was 
confirmed  in  this  prospective  study.  One  explanation  for  these  findings 
was  that  only  a sustained  level  of  physical  activity  as  performed  in 
farming  was  protective  against  coronary  disease.  This  explanation  was 
supported  by  a trend  discovered  between  leisure  time  and  on-the-job 
physical  activity  and  tha  prevalence  of  corona ’y  disease. 

Morris  and  colleagues  studied  British  males  who  were  government  office 
workers  (42).  They  utilized  a questionnaire  which  evaluated  leisure  time 
physical  activity.  After  a two-year  followup,  232  men  had  suffered  their 
first  clinical  attack  of  coronary  disease.  Each  of  these  men  was  matched 
by  age  with  t ro  colleagues  not  so  affected.  From  the  questionnaire,  the 
activities  of  the  men  were  analyzed  and  those  who  reached  leisure  time 
activity  peaks  of  approximately  7.5  kcal/min  were  classified  as  vigorous. 
Eleven  percent  of  the  men  who  developed  coronary  disease  and  26%  of  the 
controls  were  considered  vigorous.  Those  recording  vigorous  exercise  were 
at  about  one-third  the  relative  risk  of  developing  coronary  disease  as  those 
who  did  not. 

The  Coronary  Drug  Project  was  a nationwide  collaborative  study  to 
evaluate,  in  double-blind  fashion,  the  efficacy  of  certain  drugs  to  prevent 
the  manifestations  of  coronary  disease  In  men  vjho  had  already  had  a myo- 
cardial infarction  (43).  Many  parameters  were  assessed  prior  to  the  study, 
including  leisure  time  physi.  al  activity.  In  the  placebo  group,  the  five- 
year  percentage  of  death  w i 14.4%  for  the  moderate  or  vigorous  men  as 
compared  to  23.8%  for  the  sedentary  men. 

Pathologic  Studies 

Morris  and  Crawford  sent  out  requests  to  several  hundred  brltish 
pathologists  to  complete  a standard  questionnaire  on  autopsies  of  men  45 
to  70  years  old  (44).  The  last  occupation  was  estimated  (by  Its  title) 
as  ln\olving  light,  active,  or  heavy  physical  activity.  The  results  of 
3,800  autopsies  on  individuals  dying  of  causes  othor  than  coronary  disease 
were  gathered  from  1954  to  1956.  Ischemic  myocardial  fibrosis  and  complete 
coronary  occlusion  were  commoner  in  lighter  occupations,  but  coronary 
atheromata  and  narrowing  were  of  equally  high  prevalence  in  all  occupation 
groups . 
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The  results  of  207  consecutive  aut<^sies  of  triilte  stales,  age  30  to  60, 
tirtto  died  from  accidents,  hoialclde  or  suicide,  ware  reported  by  Spain  and 
Bradess  (45).  The  autopsies  were  done  In  the  medical  examiner's  office 
of  Westchester  County,  New  York.  The  men  were  considered  as  active  or 
Mdentary  (by  occupational  title)  with  approximately  100  in  each  group. 

No  significant  differences  were  foxmd  in  the  degree  of  atherosclerosis 
between  those  engaged  In  sedentary  and  those  engaged  In  physically  active 
occupations. 

Currens  and  White  presented  the  autopsy  results  of  Clarence  DeNar,  a 
famous  long-distance  runner,  who  died  of  rectal  carcinoma  (46).  He  was 
still  running  long  distances  until  shortly  before  his  death  at  age  70. 

His  coronary  arteries  were  found  to  be  two  to  three  times  normal  sise 
with  sosie  atherosclerotic  involvement,  but  It  did  not  encroach  on  the 
luminal  area. 

Measurements  were  made  from  radiographs  of  injec^ted  coronary  arteries 
in  two  autopsy  studies  at  Radcllff  Infirmary,  Oxford  (47) . Ninety>two 
cases  without  postmortma  evidence  of  myocardial  infarction  were  used  as 
controls;  and  79  cases  vere  used  who  had  evidence  of  acute  or  healed 
infarction.  The  right  coronary  artery  measured  in  a nondlseased  segment 
was  assumed  to  refle-st  the  diameter  of  the  coronary  arteries.  The  physical 
activity  of  the  last  occupation  was  deteraiined  (from  the  job  title)  as 
light,  active,  or  heavy.  The  diameter  of  the  right  coronary  artery  in 
normals  ir creased  with  age,  but  the  Infarction  cases  showed  a smaller 
diameter  of  the  right  co..  ary  artery  in  each  age  group.  The  data  were 
only  suggestive  that,  in  normals,  the  right  coronary  artery  dlaaieter 
Increased  «rlth  the  activity  of  work — while  in  the  infarction  group,  it 
decreased.  These  differences  were  not  ctatlstlcally  significant  and  no 
determination  of  the  degree  of  atherosclerosis  was  made. 

A group  of  pathologists  in  Jaffa,  Israel,  reported  the  results  of 
consecutive  autopsies  on  172  European-bom  Jews  who  were  victims  of 
traumatic  deaths  (48) . According  to  personal  docusientB  and  some  informa- 
tion obtained  from  relatives,  93  had  led  a sedentary  life  and  79  were 
manual  workers.  Each  coronary  artery  was  cross- sectioned  at  1.0-cm 
Intervals  to  measure  Internal  and  external  diameters.  The  percentage  of 
narrowing  of  the  vessels  %nis  calculated  using  these  measurcanents.  There 
tras  no  significant  difference  between  the  autive  and  inactive  groups. 

Recently,  T.  J.  Bassler  has  published  letters  stating  that  his  pers«'nal 
experience,  as  a pathologist  and  as  an  active  participant  in  the  American 
Medical  Joggers  Association,  has  led  him  to  the  conclusion  that  "inminity 
to  a heart  attack  coexists  with  the  ability  to  cover  42  kilosteters  on  foot." 
Though  his  lette:'  xte  referenced  with  publications  bearing  his  name  frosi 
reputable  scientific  journals,  these  all  turn  out  to  be  " letter s-to-the- 
editor."  Thus,  his  statements  are  totally  conjecture  and  not  leased  on  any 
scientific  study.  I a had  the  experience  of  knowing  of  men  with  excep- 
tional physical  fitness  who  have  had  severe  coronary  eurtery  disease,  and 
have  reported  one  such  case  (49) . Opie  has  reported  a number  of  long 
distance  xrunners  tdio  have  died  of  coronary  atherosclerotic  heart  disease  (6) . 
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PcopoMUts  of  tho  physical,  activity  hypothaali  hava  always  boon  upset 
by  tbs  high  Inoldsnoa  of  coronary  disease  In  the  very  active  eastern 
Finlanders.  A recent  pathologic  study  has  shown  how  unknown  factors  can 
confuse  epidemiologists  In  trying  to  demonstrate  the  influence  of  one 
factor  In  tbs  etiology  of  tbls  multi-factorial  disease.  Pesonen  and 
colleagues  (50)  have  raported  an  autopsy  study  of  Infants  who  died  In 
Finland.  The  left  coronary  arteries  were  thicker  in  the  eastern  group# 
and  supported  the  hypothesis  that  the  thickenings  were  a genetic  cosipment 
in  tbs  etiology  of  coronary  disease.  If  the  physical  activity  hypothesis 
la  true#  this  fliidtng  could  explain  the  high  incidence  of  coronary  disease 
in  tbs  east  Flnlandars  in  qplte  of  their  vigorous  physical  activity. 

Rahabll:..tatlon  Studies 

Hellersteln  has  reported  his  seven-year  experience  in  a prospective 
study  of  tbs  effects  of  physical  fitness  on  the  course  of  coronary  heart 
diseaee  (51) . His  program  also  modified  other  risk  factors  by  advising 
an  antiatherogenic  diet#  the  avoidance  of  cigarettes,  and  weight  loss. 

Over  the  followup  period#  his  patients  experienced  a death  rate  of  2 per 
100  subject-years,  in  a group  of  conventionally  treated  patients#  the 
death  rata  was  5 per  100  subject-years.  Unfortunately#  this  study  was 
not  douiale-blind#  and  there  was  selection  of  the  healthier  patient  group 
by  the  exclusion  of  those  patients  who  could  not  tolerate  an  exercise 
program.  Also#  other  risk  factors  were  modified. 

Gottheiner  has  presented  data  on  over  1#000  men  with  coronary  heart 
disease  who  remained  in  Ms  rehabilitation  program  in  Israel  for  five 
years  (52).  Initially#  the  group  consisted  of  1#500;  but  nearly  one-third 
dropped  out.  His  urogram  involved  careful  advancsstent  through  gradually 
more  intensive  exercise#  with  testing  prior  to  advancement  to  a higher 
stage.  It  culsdnated  in  competitive  team  games  for  those  who  progressed 
to  the  upper  fitness  categories.  The  author  suggested  that  the  use  of 
competitive  sports  maintains  the  participant's  interest  in  the  program. 

He  reported  a mortality  rate  of  3.5%  over  five  years  of  followup,  cosapared 
to  12%  in  a ooetparable  series  of  physically  inactive  postinfarction 
patients  in  Israel.  Similar  to  other  rehabilitation  studies#  there  was 
a selection  of  a healthier  patient  gro\:ip  by  the  loss  of  those  unable  to 
tolerate  the  exercise  program. 

Rechnitser  and  his  cclleagues  in  Canada  have  reported  their  five-  and 
seven-year  followup  of  survival  and  recurrence  rates  after  myocardial 
infarction  in  exercising  and  control  subjects  (53) . The  seven-year  study 
consisted  of  68  men  under  age  51,  with  a previous  myocardial  infarction# 
who  pai^ticipated  in  a program  of  graduated  exercises  for  seven  years. 

The  controls  fulfilled  the  criteria  to  enter  the  exercise  program,  but 
did  not.  The  exercising  subjects  experienced  a 3%  recurrence  rate  and  a 
7.6%  death  rate,  as  compared  with  a 12%  recurrence  rate  and  a 15%  death 
rate  in  the  controls.  A second  comparison  of  recurrence  and  survival 
over  a five-year  period  was  made  between  77  patients#  had  remained 
in  an  exercise  program  for  a minimum  of  three  months#  ^md  127  control 
subjects.  The  exercising  subjects  nuunlfested  a 1.3%  recurrence  rate  and 
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a 3.9\  death  rate,  while  the  controls  had  a 28\  recurrence  rate  and  11% 
death  rate.  Although  the  results  of  their  investigations  suggested  that 
an  exercise  program  in  a selected  grojp  may  favorably  affect  prognosis 
following  recovery  from  myocardial  infarction,  the  results  should  be 
interpreted  cautiously.  One  or  more  variables  (such  as  blood  pressure, 
angina,  and  serum  cholesterol) , not  related  to  the  exercise  program,  may 
have  been  operative  in  producing  the  apparent  benefits.  Recently,  in  the 
United  States,  a national  collaborative  postinfarction  study  has  begun. 

It  is  performed  in  a doxible-blind  fashion;  the  major  ris)(  factors  are 
controlled,  and  only  the  activity  status  of  the  postinfarction  subjects 
will  be  directly  altered.  Hopefully,  this  study  will  clarify  the  relation- 
ship of  exercise  training  and  prognosis  after  a nyocctrdial  infarction. 

The  hemodynamic  changes  secotvdary  to  physical  conditioning  have  been 
the  subject  of  many  stvkdies  and  I have  reviewed  these  studies  in  detail 
previously  (2).  They  are  summaurized  in  Tables  3 and  4.  In  short,  at 
submaximal  levels  of  exercise,  maximal  oxygen  consumption  increases  and 
heart  rates  decrease.  The  latter  beneficially  allows  a longer  time  during 
diastole  for  myocardial  perfusion.  However,  it  has  laeeii  debated  «diether 
the  increase  in  maximal  oxygen  consumption  is  due  to  an  increased  cardiac 
output  or  to  a widening  of  the  AVO2  difference  (54) . Recently,  Rousseau 
and  colleagues  have  demonstrated  in  trained  cardiac  patients  that  the 
higher  maximal  oxygen  consumption  was  due  almost  exclusively  to  a greater 
SMucimal  AVO2  difference  (55) . This  finding  supports  the  concept  that,  in 
cardiac  patients,  the  improvenent  in  performance  with  physical  conditioning 
is  due  to  increased  peripheral  extraction  of  oxygen  by  the  working  muscles. 
However,  some  cardiac  patients  probably  also  have  an  improvement  in  cardiac 
function  (56,  57). 

Redwood  and  his  colleagues  studied  the  hemodynamic  effects  of  a six- 
week  intensive  training  program  in  seven  patients  with  angina  (58) . 

Training  resulted  in  a marked  increase  in  exercise  capacity.  A hemo- 
dynamic index  of  myocardial  oxygen  consumption  (triple  product)  was  less 
at  any  level  of  exercise  after  training  and  a higher  index  value  could  be 
achieved  prior  to  angina.  They  concluded  that  physical  training  improved 
exercise  performance  by  reducing  the  heart  rate  and  blood  pressure  response 
to  exercise,  and  their  findings  also  suggested  that  myocardial  oxygen 
delivery  was  enhanced. 


Kattus  and  his  colleagues  reported  30  asymptomatic  men  who  had  abnorral 
responses  to  exercise  testing  (59) . Thirteen  of  then  participcted  in  a 
supervised  physical  training  program  that  led  to  an  increased  exercise 
capacity.  Four  of  these  men  normalized  their  electrocardiographic  response 
to  treadmill  testing;  but,  of  the  17,  who  did  not  train,  two  normalized 
their  exercise  electrocardiogram.  The  significance  of  these  findings  is 
uncertain,  since  it  has  been  well  documented  that  an  abnormal  exercise 
test  is  only  20%-30%  predictive  of  coronary  artery  disease  in  asymptomatic 
men  (60,  61) . 


Xavanagh  and  collaaguas  in  Canada  hava  reported  eight  postinfarction 
patients  from  their  r^ihabilltation  center  who  %«re  able  to  ronpete  In  the 
Boston  Marathon  (62).  While  these  patients  ran«  they  were  accompanied  by 
their  physicians — with  resuscitation  equipment — In  automobiles.  These 
Investigators  did  not  advocate  marathon  runnlnc  as  a casual  pastime  for 
postmyocardlal  Infarctlr^n  patients.  However,  their  patients  did  show  that 
a remarkable  level  of  function  Is  possible  through  training,  even  in  post- 
Infarctlon  patients. 

Fletcher  and  Cantwell  have  reported  their  outpatient  exercise  program 
for  patients  with  recent  myocardial  Infarctions  (63) . They  reported  42 
patients  vdro  participated  in  three  months  or  more  of  a gym  program  of 
walking  and  jogging,  calisthenics  and  volleyball.  There  was  a significant 
Increase  In  treadmill  exercise  capacity — and  c decrease  in  resting  and 
peak  exercise  systolic  blood  pressure  2md  resting  heart  rate,  body  weigl\t, 
and  serum  triglycerides.  Of  three  patients  with  adsnotmal  ST  segment 
depression  on  Initial  submaximal  treadmill  tests,  two  had  a normal  test 
after  the  exercise  program.  This  study  suggests  that  a medically  super- 
vised gym  exercise  program  for  patients  with  recent  myocardial  infarctions 
is  feasible,  safe,  and  beneficial. 

Ferguson  and  his  colleagues  In  Canada  entered  14  patients,  with  ^mgio- 
graphically  dcxnmented  coronary  artery  disease,  in  a 13-month  physical 
training  program  (64).  After  training,  there  was  a 25%  Increase  in  maximal 
oxygen  consumption.  Coronai-y  angiography  was  repeated,*  and  new  collateral 
vessels,  observed  in  only  two  Instances,  aK>eared  to  have  developed  in 
response  to  a progression  of  coronary  artery  disease.  The  increased 
exercise  capacity  after  training  in  these  patients  was  not  due  to  the 
development  of  the  coronary  collateral  circulation  as  evaluated  by  coronary 
amglography. 

ANIMAL  STUDIES 

In  the  evaluation  of  the  physical  activity  hypothesis,  limited  human 
studies  are  available  on  the  morphologic  and  metabolic  changes  in  the 
cardiovascular  system  due  to  exercise  training.  This  limitation  is  due 
to  the  difficulties  controlling  Interfering  varicd)les,  the  reluctance 
to  perform  serial  Invasive  procedures,  the  lack  of  cardiac  tissue  for 
analysis,  the  inability  to  make  accurate  measurements  of  the  size  of  the 
coronary  arteries  and  the  ventricular  wall  and  cavity,  and  time  as  well 
as  expense.  For  these  reasons,  a careful  review  of  the  pertinent  animal 
studies  on  the  effects  of  chronic  exercise  is  of  importance  in  understanding 
some  of  the  ways  exercise  can  influence  the  cardiovascular  system  (1) , 

In  Table  5 are  listed  the  areas  reviewe*i  in  this  section. 
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KEY  TO  TABLE  4 - 


TASLE  5.  THE  TOPICS  OF  AMD1AL  STUDIES  CONCOWINC  IHE 

EI7ECTS  OF  CHRONIC  EXERCISE  ON  TliE  CAROIOVAS  A' UR 
STSTOf  CV>  REVIEWED  IN  THIS  REPORT) 


1 . ttpocardlal  hjrpartropKy 

2.  l^cardlal  histologic  changes 

3.  Coronary  artary  alia  changes 

4.  Coronary  collateral  circulation 

5.  Cardiac  pcrfomance 

6.  Myocardial  mitochondria  enzymes  and  glycogen  stores 

7.  Atherosclerosis  and  serum  cholesterol 


Myocardial  Hypertroplxy 

NuzKrous  studies  have  demonstrated  that  vigorous  exercise  can  produce 
cardiac  hypertrophy  in  the  animals  (65-70) . This  hypertrophy  rapidly 
regresses  when  the  exercise  training  is  discontinued  (65).  It  is  generally 
believed  that  exercise-induced  hypertrophy  serves  as  a useful  adaptive 
mechanism  to  improve  oyocardlal  contractility  and  Increase  cardiac  work 
capacity.  Poupa  and  his  colleagues  have  reported  that  the  heart /body 
ratios  are  Invariably  larger  In  the  wild  than  in  the  domestic  form  of  an 
animal  species  (66).  Leon,  Bloor,  and  associates  (67,  68)  have  presented 
data  showing  that  the  heart  hypertrophies  with  exercise  In  young  rats — 
whereas.  In  old  rats,  exercise  causes  a decline  In  heart  weight  due  to  a 
loss  of  myocardial  fibers.  Tomanck  and  his  coworkers  (69)  have  als... 
demonstrated  age-dependent  myocardial  hypertrophy  in  exercised  rats. 

Myocardlcl  Histologic  Changes 

Poupa,  in  comparing  domesticated  to  wild  animals,  found  that  the 
density  of  muscle  cells  and  capillaries  was  much  greater  in  the  more 
active  wild  animals  (66).  In  an  experiment  utilizing  surgical  constriction 
of  the  aorta,  Poupa  Induced  a 35X  increase  In  heart  weight  in  one-month- 
old  and  in  adult  rabbits  (66).  In  the  young  rabbits,  the  hypertrophied 
hearts  showed  a normal  capillary  density;  bat.  In  the  adult  rabbits,  it 
was  decreased.  He  hypothesized  that  In  young  animals,  cardiac  hypertrophy 
was  secondary  to  fiber  hyperplasia,  while  In  older  animals,  it  was 
secondary  to  cellular  hypertrophy.  Also,  he  hypothesized  that  the 
capillary  bed  responds  most  markedly  to  exercise  performed  at  an  early 
age. 


Tomanek  studied  the  age-related  response  of  the  ventricular  capillary 
bed  and  myocardial  fiber  width  In  male  rats  to  chronic  exercise  (70). 

After  a period  of  chronic  exercise,  the  rats  were  euthanized.  The  myo- 
cardial fiber  width  was  unchanged  while  the  capillary/fiber  ratio  Increased 
in  the  exercised  rats  as  compared  to  the  control  rats  in  all  age  groups. 
iHe  capillary  density  decreased  with  age,  and  was  increased  over  the 
controls  only  in  the  young  exercised  rats.  Leon  and  Bloor  (68)  have  also 
demonstrated  that,  although  the  response  of  the  rat  heart  to  chronic  exer- 
cise varied  with  age,  the  capillary  to  fiber  ratio  increased  at  all  ages. 
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CoronAry  Art«ry  Sitm  ChuigAs 


T«pp«nMn  «nd  PMrlMin  •tu(’^•di  th*  AtfActA  of  •xorciu  on  th«  coronAry 
tTAA  of  rAts  by  Um  corxoAion-CAAt  toohniquA  (71) . Mfx  An  ARAreiaA 
progrw,  Anl*Als  WAro  AuthAiiitAd,  thAlc  hoArts  mata  wolqbAd,  And  thon 
tbAlr  coronAry  ArtArioA  warA  injACtad  with  vinyl  Acatata.  Ata  haArta  *^'tra 
diqaatAd  vlth  potnaaivui  hydroxida  and  tha  casta  of  the  corenary  artariaa 
vara  aaighod  alona.  Coatparad  to  tha  controla,  tha  axarciaa  qroups  had  an 
incraasad  haart  to  body  aalght  ratio  and  an  incraaaad  coronary  traa  caat 
valght  to  haart  waight  ratio > 

Stavanaon  and  coaorkars  uaad  tha  mm  corroaion-cast  tachniqua  to 
aacartain  tha  af facts  of  axarcia<«  of  diffarant  typaa*  fraqaancyf  and 
duration  ilk) . Thsy  found  that^  in  tha  rat,  forcad  asareisa  causad  an 
incraaaa  in  tha  coronary  traa  aiaa  aa  ccaiparad  to  tha  cardiac  aaight, 
provldad  tha  axarciaa  not  too  atranuous  or  fraquant.  Laon  and 
Bloor  (68)  daannstratad  that  rvinaiLig  aKorclaa  in  rata  causad  an  incraaaad 
luaiinal  crosa^sactional  araa  oZ  tha  nain  coronary  artariaa  in  tha  anixAls 
that  davalopad  an  incraaaa  in  vantricular  vaighti  that  is,  only  in  tha 
youngaat  of  tha  stranuously  axarciaad  rats.  Thaaa  raaulta  ara  oupportad 
by  tha  studiar  of  Karr  and  collaaguao  that  danonstratad  coronary  artary 
anlargaoa^it  in  rata  with  cardiac  hypartrophy  inducad  by  hypoxia,  aortic 
constriction,  and  thyroxin  (73) . Xiao,  it  has  boon  shown  in  autopsy 
studiaa  that  tha  ralationahip  batwaan  total  haart  waight  and  tha  diasMitar 
of  tha  coronary  artariaa  is  linaar  in  nan  up  to  tha  uppar  waight  lladt 
of  physiologic  hypartrophy  (74) . 

Ccroniry  Collataral  Circulation 

Kckatain  atudlsd  the  af facts  of  axarciaa  and  artificial  coronary 
artary  narrowlnq  on  coronary  collataral  flo\^  (7S) . Ha  surgically  inducad 
a constriction  in  tha  ci.rcunflax  axtary  of  approxlrataly  100  anosthatisad 
dogs.  Various  dagraas  o*  uarrcwlng  ware  inducad,  but  only  dogs  that 
davalopad  alactrocardiographic  changas  w^re  includad  in  tha  study.  Xftar 
ona  waak  of  rast,  tha  dogs  wnia  divided  into  two  groups.  Ona  group  was 
axarciaad  on  tha  traa<Vi.31  regular ?.y  for  two  aontha,  and  t)ta  owhar  group 
ranalnad  at  rast  In  cagas.  tha  animals  wars  ar.^athatisad,  a aacond 

thoracotony  was  parromad,  and  thair  blood  prassura  was  atabiliaad 
nachanically.  Tha  circuaiflax  artary  was  isolatad  and  dividad  beyond  the 
surgical  constriction.  Flow  rata  through  tha  constriction  and  tha  flow 
rata  from  the  distal  and  of  tha  artary  wars  isaasurad.  Tha  flow  rata 
through  tha  constriction  was  considarad  to  ba  ix.varsaly  ralatad  to  tha 
dagraa  of  constriction.  Whan  thaaa  valuas  wars  plottad  against  ona 
anothar,  it  was  tihown  tnat  the  laas  tha  antegrade  flow  ot  tha  graatar  tha 
constriction,  tha  graatar  tha  ratrograda  or  collataral  flow.  Xiao,  tha 
axarciaad  dogs  had  a graatar  value  for  ratrograda  flow  than  tha  raatad 
dogs  with  any  degree  of  constriction.  Theaa  resulta  danonatrated  that 
andarata  and  savers  artarial  narrowing  reaultad  in  collataral  flow  pro- 
portional to  tha  dagraa  of  narrowing,  and  that  axarciaa  lad  to  even 
graatar  collataral  flow. 
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ftttrt  Mid  r^tthusSs  Co  ntudy  cha  •flacta  of  akorclMt 

on  %ha  o(urc«>ary  oollotoral  flew  of  nomal  dogs  (76) . Prior  coiutrlction 
of  o cmronory  artery  wet  not  perfonaed  es  in  ScKatein'a  exporieenta.  Kfter 
one  Boath  of  treedeill  eeerelee,  aurgary  wea  perfonaed  and  retrograde  flow 
wea  eeaeured  free  the  dlatal  portiMt  of  the  circueflex  artery  with  ita 
proeleal  aed  ligated.  No  difference  wen  found  in  retrograde  flow  between 
the  control  and  the  exerciea  groupa. 

Kaplinaky  and  ooworkara  ntudied  the  effecta  of  five  weaka  of  treadeill 
exaroiee  on  doga  after  eoeplete  occluaion  of  the  left  anterior  deacending 
oorenary  artery  (77) . The  exerciaed  doga  and  a control  group  were 
euthaniaad.  and  eelective  cineangiography  and  poatiaortaai  coronary  injec* 
tiona  deeonatrated  axtenaive  collateral  foreatiom  but  no  difference  waa 
found  between  the  two  groupa. 

Cobb  and  aaaooiatea  atudied  the  effecta  of  exerciae  on  acute  coronary 
occluaion  in  doga  who  already  had  an  artificial  partial  occluaion  (78) . 

The  anterior  deacending  coronary  artary  waa  partially  occluded  in  SO  doga, 
and  then  the  cloga  «;ere  divided  into  a control  and  an  exerciae  group, 
after  a training  period,  a cceiplate  occluaion  of  tho  anterior  deacending 
artery  was  eurgically  produced.  The  doga  wore  aonitorad  for  arrhythniaa 
for  six  dayn,  than  euthaniaad,  and  thair  hearta  raeovad.  Tha  coronary 
vaaaala  war<a  Injocted  and  ^ha  collateral  vaaaals  quantitated  radiograph> 
ioally.  Tha  two  groupa  did  not  diffar  aa  to  tha  extant  of  tha  infarct 
rolative  Use  partial  occlusion,  the  frequency  of  arrhythnias,  or  the 

extent  of  radiographically  quantitated  collcterala.  ' 

Cardiac  Performance 

PenpergJtul  and  Sehauer  have  reported  the  effects  of  phyaical  training 
on  tha  SMchanlcal  and  SMtabolic  perfonnance  of  tha  iaolatad  rat  heart  (79) . 

Exesciaad  rats  and  controls  were  euthaniaad  and  their  hearts  isolated  in 
e perfusion  apparatus  with  cannulas  inserted  for  life  support,  pressure 
and  flow  aMasuresMint , and  eata)30lic  analysis.  Whan  coag>arad  with  sedentary 
controla,  tha  hearts  from  conditioned  rata  had  higher  level a of  cardiac 
work  and  output.  Atrial  pacing  at  Increased  rates  caused  greatr^r  differ- 
ancas  In  these  paraawtars,  and  left  ventricular  prascurce  and  OP/DT  becane 
higher  in  tha  conditioned  hearta.  Atrial  pacing  aleo  resulted  in  greater 
oxygen  consueption  in  conditioned  hearts,  whereas  higher  lactate  and 
pyruvate  concentretions  occurred  in  sedentary  hearts.  Raising  atrial 
filling  prassurat  resulted  in  ventricular  function  curves  which  were 
superior  in  the  conditioned  hearts.  Also,  there  were  greater  increments 
in  oxygen  consumption,  a higher  aerobic/anaarobic  energy  production  ratio, 
and  increased  coronary  artery  flow.  In  tha  physically  trained  rats,  the 
function  of  the  heart  aa  a pump  waa  laqiroved,  and  this  was  at  least 
partially  dua  to  inprcved  oxygwn  delivery.  Scheuer  has  excellently  re- 
viewed tha  subject  of  ph"sical  training  and  intrinsic  cardiac  adaptations 
(80) . 

Cresra  and  Aldinger  have  studied  exercise  hypertrophied  rat  hearts  (81) . 

After  an  exercise  program,  a thoracotomy  was  performsd  and  isometric 
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systolic  tonsimt  mss  ksssuxsU  shils  ths  sniissls  wsrs  physiologicslly 
iMptMartsd.  This  stsssurssMnt  is  fslt  by  ths  Authors  to  rsSlsct  potsntisl 
eontrsctility  snd  cardiac  work.  Hsasursssnts  wars  also  laads  of  Isft  van- 
t;«:icular  prassura  bafora  and  during  aortic  constriction.  Ths  findings 
supportad  tha  concapt  that  ths  axarcisa  hypartrophiad  haart  mss  fuACtion> 
ally  Ktparior  to  tha  nonsal  haart.  Aldingar  has  raportod  a sliai]ar  study 
involying  a control  and  an  asarcisa  group  of  rats  rauaiving  Digitonin  (S2) . 
Ths  study  damonstratad  that*  unlika  tha  pathologic  hypartrophy  of  disaasa, 
axarclsa  hypartrophy  and  ths  incraw  ant  in  aiyocardial  function  coneosdtant 
to  tha  hypartrophy  wars  not  altarad  by  oigitoain. 

Myocardial  Mitochondria  Bnsyaas  and  Qlycogan  Stores 

Arcoa  and  hit  coilaaguaa  (83)#  who  atudiad  fsatala  rats,  usad  a protocol 
slsdlar  to  that  usad  by  Aldingar.  Tha  rats  wars  aaparatad  into  s control 
group  and  into  thras  awisieing  groups#  with  total  swisBking  tiaa  ranging  fnan 
80  to  500  hours.  Tha  rata  wars  authaniaad  and  thair  haarts  analyaad. 
Mitochondrial  naaa  waa  incraaaad  only  in  tha  rata  that  swan  for  approsi'* 
nataly  160  hours.  ElactronHsicroacopy  ahowad  incraaaad  aisa  and  nuaibur 
of  nitochrondria  in  this  group#  whila  adtoehondrial  daganaration  was  noted 
in  rata  axarciaad  for  a longar  tisM.  No  changa  in  tha  ra«iiratnry  rata 
of  Btitochondrial  hoaoganatas  waa  found  batwaan  tha  groups.  Tha  nicroaeopic 
and  hiatochasiical  aactlont  ahowad  avidanca  of  nyocardial  daganaration  in 
tha  SKarcisad  rats. 

Aldingar  and  sohal  rapaatad  tha  pravioua  aspariiKant  with  tha  total 
swiaaiing  tins  incraaaad  to  batwaan  400  and  1500  hours  (84) . Also#  a 
control  and  an  axarclsa  group  traatad  with  Olgitoxin  wars  includad.  Again, 
sdtochondrial  daganarativa  chsngas  wars  saan  in  tha  aiyocardiuai  of  tha 
non-traatad  swiwsars>  howavar#  tha  swtwnars  racaiving  Digitoxin  rtvowad  no 
daganarativa  changas.  In  fact#  thay  had  an  Incrwasa  in  tha  aisa  of 
adtochondris  and  ths  nusibar  of  adtochoi^rial  cristas.  Ths  swijwara  had 
an  incraaaad  mitochondrial  to  myofibril  ratio#  occasional  srsas  of  nyo- 
cardial  hssorrhaga#  incraaaad  distanca  batwaan  nuclai#  and  dilstatiMi  and 
vssicls  forskstion  within  intsrcalstsd  discs. 

Banister  at  si.  hsva  rsportsd  a study  of  ths  sf facts  of  chronic  axat'* 
cisc  on  myocardial  mitochondria  morphology  using  clactron-microscopy  (85) . 
Mala  rats  wars  run  on  a trsa<kdll  for  ons  hour  a day  ovsr  a 65-day  pariod. 
nvroughout  tha  training  pariod#  four  animals  wars  authaniaad  on  cartsin 
days:  ons  control)  ons  trsinad  animal#  suthanisad  ixmiadiataly  aftar 
axarciaai  ons  authaniaad  30  minutas  aftar  axarcisa;  and  ona  suthanisad 
24  nours  aftar  axarcisa.  on  tha  first  training  day#  axhaustiva  running 
raoultad  in  s^ocardial  daganaration  in  animals  suthanisad  immadiataly  and 
30  adnutas  aftar  axarcisa.  Tha  rat  suthanisad  24  hours  aftar  axarclsa 
ahowad  myocardial  morphology  similar  to  that  of  ths  control  rat.  The 
sffact  of  training  bagan  to  appaar  aftar  tan  days.  Fswsr  altarad  mito- 
chondria wars  saan  in  trainad  rats  suthanisad  at  any  period  aftar  axarclsa. 
This  dsmonstratad  that  with  physical  training#  axhaustiva  axarcisa  has  a 
lass  daiMiging  affect  on  myocardial  mitochondria#  suggesting  that  this 
organalls  adapts  to  axarcisa. 
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OM*i  Md  (•€<  17 S haw  ztttdi«d  rAtt  by  aaing  vatIoub 

«MreiM  pcotocola,  includlnf  Um  mma  awlMiiAg  protocol  oaod  by  AreoB 
And  Xldingor.  They  could  not  confina  An  iitcroAAO  in  nitochondriAl  protein 
or  roaplrAtory  anayMA  in  tha  adtochondria  of  AiiArciBod  rats.  Thay  found 
that  tba  eapaeity  for  aorobie  laatabeliaai  of  untralnad  rat  aiyocardivw  oaa 
adaquata  to  ataat  tlM  incraaaad  daakanda  for  atp  iopoaad  by  an  OKarciaa 
profraai  without  ineraaainf  aitochondrial  Maaa  or  raapiratory  cai>acity. 
haapiratory  anayaa  lavala  wtra  approaioataly  five  tijnaa  highar  in  tha 
haart  than  in  tha  qaatrocnaadua  antacla. 

Sehauar  and  eoworkara  hava  atanaurad  incraaaad  cardiac  qlycogan  atorai 
in  conditionad  rat  haarta»  bot  found  no  incraaaa  in  tha  concentration  of 
hi9h  anarpy  phoaphata  coopounda  (Bd) . Howavar,  phyalcal  training  in  rats 
raaultad  in  an  incraaaa  in  adanoaina  triphoaphata  accivi.tiat  of  cardiac 
aeteoyoain,  cruda  ayoain.  and  purifiad  nyosin  (B9-9I) . Thaae  contractila 
pro tain  ansymatie  aetivitiaa  probably  ralata  to  potantial  ayocardial  con- 
tractility. Tha  incraaaa  in  adanoaina  triphosphate  activity  waa  found  to 
ba  ralatad  to  tha  intanaity  and  tha  duration  of  tha  training  program. 
Pxtrthar  studios  indicatad  that  training  may  Induca  a chamical  change  at 
tha  locus  of  anayeMtic  activity  on  myosin  at  its  aita  for  intaraction 
with  actin  (91) . Thasa  findings  regarding  t!ia  contractila  protoins 
probably  axplain  tha  incraaaad  contractility  .n  tha  hearts  of  conditioned 
aniauila. 

Atheroaclaroaia  and  Serum  choiastarol 

McAllister  and  coD.aaguaa  hava  rapoxtad  an  axi.^r inant  damonstratii\g  an 
accalaratad  affect  of  txasAaill  axaxciaa  on  axparimontal  atherosclerosis 
(92) . Tan  dogs  wars  placed  on  identical  high  ct»lastarol  diets  of  equal 
caloric  value  and  ISO  mg  of  thiouracil  daily.  The  diet  and  th^'roid 
antagonlsta  wars  used  to  shorten  tha  tisks  period  of  the  study.  Tha  dogs 
ware  traatad  identically  except  that  five  ware  trained  to  run  five  miles 
a day.  At  tha  and  of  one  yaar«  angiograsis  wore  parformad;  t)kan  the  dogs 
wra  authaniaad,  and  their  artarias  analysed  for  tha  extant  of  athero- 
sclaroaia.  During  tha  course  of  tha  study,  che  serum  cholesterol s pro- 
S)resaivaly  roma,  with  tha  runners  having  higher  values.  T)ta  runners  also 
ahowmd  more  atharoaclarosis  than  tha  sedentary  dogs  in  sll  vassals, 
Including  tha  coronaries. 

Myaanikov  and  his  collaaguaa  reported  tha  results  of  a study  parformad 
in  Russia  (93).  Tan  rabbits  ware  given  a high  cholesterol  diet;  25  rabbits 
racaivad  the  same  diet  but  were  exhausted  daily  on  a treadmill}  ar.d  6 
rabbits  racaivad  no  choiastarol  but  ware  axarcisad.  Tha  exercised  rabbits 
on  a )iigh  cliolasterol  diet  had  lower  serum  cholest-rrols  t)tan  those  not 
exercised.  At  the  and  of  six  months,  tlie  animals  were  euthanized;  and 
visual  estixkation  suggested  that  the  exorcise  reduced  the  development  of 
atharoaclarosis  in  the  aorta  and  coronary  arteries.  For  unknown  reasons, 
however,  there  ware  more  marked  i^athologlc  changes  in  the  myocardium  of 
tha  axarcisad  rabbits  receiving  cholesterol  than  in  either  of  the  other 
groups.  Kobarnick  and  his  coworkers  reported  tho  results  of  a similar 
study  (94) . eighteen  rabbits  were  fad  a high  cholesterol  diet  and  exer- 
cised for  tan  minutes  a day,  wltile  a non-axarcised  matched  group  received 
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the  sAm«  diet.  Serum  cholesterol  vdluee  did  not  differ  between  the  groups. 
After  13  weeks  Che  rebblls  were  euthitnlted,  and  their  aortos  inspected 
vtaually  for  atherosclerosis  and  rhenically  analysed  for  cholesterol. 
*Lxerclaed  rabbita  had  Kreater  isutcle  masa,  leea  body  fat,  and  less  aortic 
atherosclerotic  involveisent  than  the  non-excrclacd  rabbits. 

Warnock  and  hla  col leagues  reported  an  exercise  study  using  young  male 
roosters  (951.  All  of  the  birds  were  fed  an  atherogenic  diet.  Approxl- 
tsately  half  were  excrciaed  while  the  others  remained  caged.  Weekly  serum 
cholesterol  valuei  were  deCenslned  and  found  to  be  lower  in  the  exorcised 
birds.  The  food  conauiiptlon  was  supposedly  equal  In  both  groups  but  the 
exercised  birds  were  'teavler.  At  the  and  of  14  weeks,  the  birds  were 
euthanlted  and  the  aorta,  its  main  branches,  and  samples  of  brain  and  liver 
were  assayed  for  cholesterol.  The  cholesterol  content  was  lower  in  the 
assayed  vessela  and  liver  of  the  exercised  birds  than  In  the  non~«xercla#d 
birds.  Weiss  performed  a similar  study  on  adult  chickens  (96).  No  sig- 
nificant difference  was  found  in  the  degree  of  atharosclerosla  In  the 
thoracic  and  abdotiinal  aorta  of  chickens  maintained  at  three  different 
activity  levels. 

Carlson  has  reported  the  r.  ults  of  strenuous  exercise  on  the  serum 
cholesterol  of  old  rats  (97).  uve  trained  group  r.an  three  hours  daily  for 
ons  month.  At  the  end  of  this  period,  the  serum  cholesterol  averaged 
186  ragt  in  the  trained  group  and  250  mgT  in  the  control  group.  The  extent 
of  atherosclerotic  involvement  was  not  studied.  Carlson  found  that  lipid 
levelx  in  rats  increased  with  age  .sg  they  do  In  man.  Paris  et  al.  performed 
a similar  study  using  young  rats  (98).  Both  control  and  exercised  animals 
had  serusi  cholesterol  readings  of  about  45  mgX,  and  there  were  no  statis- 
tical differences  between  the  groups.  Hebert  and  hopes  also  studied  the 
effects  of  exercise  on  serum  lipids  in  rats  of  unstated  age  (99).  After 
10  weeks,  the  rats  who  exercised  volunt.iriiy  in  a revolving  drum  had  less 
of  a weight  gain,  larger  adrenal  glands,  lower  scrum  cholesterol,  lower 
serum  triglycerides,  and  lover  liver  c'.-6-rD  levels  than  did  the  sedentary 
controls. 


FACTORS  ACTING  INDIRECTLY  THROUGH  PHYSICAL  ACTIVITY 

Tltere  are  factors  affected  by  exercise  that  could  alter  myocardial 
Ischemia  or  atherosclerosis.  S<  . of  these  are  listed  in  Table  6 and 
are  briefly  reviewed  In  this  ss  n. 

TABLE  6.  FACTORS  * XISE  TRAINING  COULD  INFLUENCE, 

AND  THAT  COULD  AFFECT  MYOCARDIAL  ISCHEMIA  AND/OR 
ATHEROSCI.EROSIS 


1.  Biood  coagulation  and  fibrinolysis 

2.  Serxun  cholesterol 

3.  Serum  triglycerides 

4.  Blood  pressure 

5.  Susceptibility  to  fatal  arrhythmias 

6.  Neuro-hunoral  factors 

7.  Excess  weight 
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The  possibility  has  long  been  postulated  that  am  Increase  In  fibrino- 
lytic action  secondary  to  exercise  could  prevent  coronary  thrombosis,  but 
recent  studies  have  not  confirmed  thro  theory  (100,  101).  However,  the 
investigation  of  platelet  adhesiveness  may  yield  pertinent  findings  (102) . 
The  studies  of  the  effects  of  exercise  on  serum  cholesterol  In  man  have 
been  reviewed  In  detail  by  Gustafson  (103) . It  appears  that  regular 
vigorous  exercise  can  lower  cholesterol  levels  somewhat;  but  diet,  certain 
medical  disorders,  and  genetic  mechanisms  are  much  more  influential.  Most 
studies,  however,  have  shown  a decrease  in  serum  triglycerides  with  exercise 
training  (104,  105).  The  effects  of  exercise  training  in  patients  with 
borderline  or  mild  hypertension  have  been  studied  (106,  107).  These  studies 
have  demonstrated  a favorcdsle  response.  Raab  was  a strong  proponent  of 
the  theory  that  exercise  favorably  alters  neuro-hunoral  factors  influencing 
myocardial  ischemia  ^md  that  exercise  could  protect  the  heart  from  fatal 
arrhythmias  (106) . However,  there  has  been  little  or  no  scientific  work 
done  to  substantiate  these  theories.  Many  investigators  have  reconsnended 
exercise  training  as  a method  to  control  obesity.  Caurter  and  Phillips 
nicely  demonstrated  the  structural  chainges  that  can  occur  secondary  to 
exercise  in  middle-aged  men  (109) . Over  a two-year  period,  thsir  exercise 
group  made  significeuit  decreases  in  body  weight,  x^^.rcent  body  fat,  skin 
fold  thickness,  girth,  and  endomorphy  as  well  as  having  a significant 
t increase  in  their  specific  gravity. 


DISCUSSION 

The  available  data  evaluating  the  relationship  of  physical  activity 
and/or  aerobic  exercise  training  to  coronary  atherosclerotic  heart  disease 
and  myocardial  ischemia  are  reviewed  in  this  section.  In  spite  of  the  worlc 
of  mnny  excellent  investigators,  no  definite  conclusion  can  be  made  becav  ;e 
the  results  of  the  available  studies  are  both  contradictory  and  inconclusive 
I The  following  discussion  will  try  to  explain  \iAiy  a definitive  answer  is  not 

I possible. 

? 

I 

j Many  of  the  epidemiologic  studies  have  dealt  with  occupational  differ- 

i ences  in  retrospective  studies.  Although  retrospective  studies  are  attrac- 

s tive  because  the  data  are  already  available,  such  an  approach  has  •‘.any 

difficulties.  The  information  collected  usually  was  not  standardized  or 
i complete;  this  is  especially  true  for  physical  activity  which  is  difficult 

to  measure.  Furthermore,  the  population  base  was  highly  selected  due  to 
job  transfers,  retirement,  or  death.  Confounding  variables  (such  as  lipids, 
blood  pressure,  emd  cher  pertinent  measurements)  usually  were  not  avail- 
able. These  studies  can  have  impressive  numbers  of  man-years  observed, 
but  the  biases  were  not  eliminated  by  the  great  number  of  observations. 

With  limited  access  to  the  subjects  studied  and  with  reliance  on  poorly 
St.  ardized  information,  the  assessment  of  physical  activity  and  the 
diagnosis  of  coronary  heart  disease  have  been  iroi^recise. 

Prospective  studies  are  better  Lor  accurately  determining  relative 
risk  and  minimizing  the  likelihood  of  bias,  but  prospective  studies  are 
comparatively  expensive  and  difficult.  Although  the  data  collection  and 
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methodology  can  be  precise,  classifying  physical  activity  usually  is  still  I 

imprecise.  Few  studies  have  en^loyed  adequate  methodology  to  characterize  I 

the  physically  active  individual  in  accurate  terms.  | 


When  the  occupati.or  or  job  title  alone  is  used  to  assess  the  level  of  | 
physical  activity,  those  with  latent  coronary  heart  disease  may  be  selected  i 
in  less  active  work — because  the  sick  usually  transfer  to  less  demanding  t 
jobs.  Men  select  their  jobs  for  personal  reasons;  and  those  with  illness,  | 
symptoms,  nr  obesity  us.^ally  are  more  likely  to  obtain  sedentary  work.  | 
In  this  mechanized  era,  however,  there  is  a limited  gradient  in  on-the-job  i 


activities.  Also,  individuals  that  differ  by  occupation  usually  differ  by  | 

socioeconomic  status  auid  by  other  risk  factort^.  Inaccuracies  of  physical 

activity  assessment  often  become  apparent  %<hen  a job  assumed  to  be  of  a 

certain  activity  level  is  investigated  closely,  or  whe.  off-the-job 

activities  are  considered,  thus,  job  titles  without  an  actual  assessment  f 

of  energy  expenditure  or  consideration  of  off-the-job  activity  make  diffl-  | 

cult  the  acciurate  classification  of  individuals  as  active  or  inactive.  ] 

Assessing  the  level  of  physical  activity  by  a questionnaire  conqpleted 
by  the  subject  can  be  grossly  inaccurate  and  often  poorly  reproducible  (17) . 
Exaggeration  or  denial  mechanisms  cause  problmns,  particularly  in  post-  ] 

infarction  patients;  <md  there  are  the  tisual  inconsistencies  due  to  ^ 

limitations  of  understanding  and  memory.  When  questionnaires  are  admin- 
istered to  a p<^ulation  at  risk  (which  includes  individuals  with  angina, 
early  symptoms  of  coronary  disease  or  high  risk  diseases,  such  as  hyper-  ' 

tension  and  diabetes) , a bias  is  introduced  which  tends  to  increase 
associations  between  physical  inactivity  and  coronary  heart  disease.  ’ 

These  high-risk  individuals  are  also  likely  to  Ise  less  active.  Data  from  | 

such  questionnaires  would  relate  physical  inactivity  to  coronaury  disease 
when,  in  fact,  physical  inactivity  was  actually  related  to  the  high-risk  i 

condition . 

The  Framingham  study  used  heart  rate,  obesity,  vital  capacity,  and 
hand-grip  strength  as  measurements  of  the  level  of  physical  activity  (40) . 

However,  these  measurements  are  indirect  eu)d  dependent  upon  other  factors. 

Other  investigators  have  used  caloric  c>  nsumption,  assuming  a steady  weight 
to  assess  the  level  of  physical  activity.  This  method  depends  upon  food 
questionnaires  or  dietary  samplings,  both  of  which  have  well-known  limita- 
tions and  methodologic  problems. 

A major  problem  with  assessing  physical  activity  and  its  relat  onship 
to  myocardial  ischemia  is  that,  if  it  truly  does  exert  a protective 
influence,  the  specific  physiologic  mechanism  has  not  been  demonstrated. 

Certain  types  or  patterns  of  exercise  may  be  more  Important  to  assess 
th2m  those  already  considered. 

Endpoints  used  in  population  studies  have  included:  angina,  coronary 
insufficiency,  acute  myocardial  infarction,  diagnostic  electrocardiographic 
changes,  sudden  death,  and  other  manifestations  assumed  to  be  due  to 
coronary  heart  disease.  The  definitions  and  tests  for  these  endpoints 
often  were  not  standardized,  and  investigators  relied  upon  the  diagnosis 
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of  Mkny  difforont  physician*.  The  problamp  %rith  diagnosis  by  death 
certificate  are  easily  appreciated.  Other  difficulties  arise  in  the 
selection  of  the  underlying  cause  of  death  as  contrasted  with  iranediate 
cause  and  contributing  factors. 

The  pathologic  studies  were  not  definitive^  because  physical  activity 
was  estiaated  from  the  title  of  the  last  job  and  because  differences  in 
technique  were  used  in  detemining  the  degree  of  atherosclerosis  and  the 
caliber  of  the  coronary  arteries,  it  is  striking,  though,  that  the  three 
studies  (44,  4S,  47)  investigating  the  degree  of  coronary  atherosclerosis 
in  a cohort  found  little  or  no  difference  between  their  active  emd 
sedentary  groups. 

With  respect  to  the  rehabilitation  studies,  investigators  have  shown 
that,  under  proper  supervision,  exercise  training  can  be  carried  out  with 
reasonable  safety  in  selected  patients  with  coronary  heut  disease  and 
that  the  heisodynaaic  changes  of  the  trained  state  can  be  achieved  (2,  51-64). 
Importantly,  the  ability  of  tliese  persons  to  tolerate  physical  stress  can 
be  increased  and  a high  proportion  of  them  are  able  to  return  to  a more 
active  life.  Unfortunately,  the  rehabilitative  studies  have  not  been 
controlled  and  have  depended  mx>n  volunteers.  Also,  the  patients  were 
further  selected  by  the  loss  of  higher  risk  patients  physically  unable  to 
undertake  an  exercise  program.  Hopefully,  the  National  Collaborative 
Postinfarction  Rehabilitation  Study  will  not  have  these  limitations. 

The  animal  studies  have  added  considerable  data  to  our  lunowledge  of 
the  effects  of  chronic  exercise  on  the  heart.  They  demonstrate  that  there 
ar«  morphologic  and  metabolic  changes  that  can  make  the  cardiovascular 
systesi  better  able  to  withstand  any  stress,  possibly  even  that  iiiqposad  by 
atherosclerosis  and  myocardial  ischemia.  These  favorable  adaptations  are 
more  marked  in  younger  animals  than  in  older  animals.  However,  the  data 
regarding  a beneficial  effect  of  chronic  exercise  on  the  atherosclerotic 
process  or  on  serum  cholesterol  levels  are  in  no  way  definitive,  in 
general,  Ihe  animal  studies  support  the  therapeutic  and  preventive  use 
of  exercise.  They  suggest,  however,  that  efforts  to  siotivate  individuals 
to  exercise  should  be  adjurctive  to  the  modification  of  the  cardinal  risk 
factors — hypercholesterolemia,  cigarette  smoking,  and  hypertension 
(5,  110). 

Since  there  are  inadequate  data  at  this  point  to  demonstrate  that 
regulaur  physical  exercise  stops  the  atherosclerotic  process  or  protects 
the  heart  from  the  progression  of  myocardial  ischemia,  reasons  against 
Its  recommendation  must  be  considered.  In  spite  of  many  excellent  reviews 
of  physioal  activity  and  coronary  heart  disease  (111-114) , little  attention 
has  beon  given  to  the  negative  aspects.  Blackburn's  balamced  approach  to 
this  matter  should  be  noted  (115,  116) . 

The  danger  of  exercise  ixt  persons  with  coronary  heart  disease,  even  in 
those  «d.th  asymptomatic  disease,  has  been  domonstrated  (6-10).  Surprisingly, 
most  myocardial  infarctions  do  not  occur  during  exertion  (117,  118),  but 
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this  asy  b«  due  to  physiologic  yamlngs  that  nake  persons  with  coronary 
heart  disease  Halt  their  activities*  The  advice  to  "get  aore  exercise" 
aay  be  enough  to  aafce  a person  Ignore  these  warnings  and  exceed  the  limits 
of  his  nyocardial  blood  supply.  Besides  the  mortality  associated  with 
exercise , there  can  be  significant  morbidity,  especially  In  older  Indi- 
viduals. Infarctions  have  been  reported,  and  even  carefully  supervised 
training  programs  have  a significant  Incidence  of  orthopedic  problems. 
Another  consideration  is  the  expense  of  facilities,  equipment,  and  super- 
vision for  exercise. 


SUMMARY 

The  data  regarding  the  effect  of  physical  conditioning  on  the  progres- 
sion of  myocardial  Ischemia,  although  suggestive  of  a favorable  influence, 
are  In  no  way  definitive.  Efforts  to  alter  the  physical  activity  habits 
of  our  population  should  not  supersede  efforts  to  alter  the  major  risk 
factors.  The  emphasis  in  the  prevention  of  coronary  atherosclerotic  heart 
disease  for  the  general  public  should  be  on  the  well-established  cardinal 
risk  factors,  that  la,  hypercholesterolemia,  hypertension,  and  cigarette 
smoking.  The  National  Collaborative  Postinfarction  Rehabilitation  Study, 
when  completed,  may  demonstrate  how  physical  conditioning  influences  the 
progression  of  myocardial  Ischemia.  However,  "moderate  activity  is  a 
part  of  a balanced  satisfying  living  and  is  the  safe  and  sane  hygienic 
prescription  of  the  thoughtful  physician  for  his  patients,  the  high  risk 
and  the  healthy  alike"  (116). 
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